Introduction
Hypertension is a global burden which has been associated with renal and cardiovascular disease, the latter being the leading cause of death in developed countries. Worldwide, nearly 1 billion adults have hypertension, and 17-30% of hypertension cases can be attributed to excess dietary sodium [1, 2] . Sodium is a mineral found naturally in many foods but is also used greatly in processed foods. It is noteworthy that in some countries, it has been suggested that reducing sodium consumption to the recommended intakes (<2200 mg/day) will likely reduce hypertension and hypertension-related cardiovascular disease by 30 and 8.6%, respectively [3] . High blood pressure (BP) levels can be observed in children and a significant number of children have elevated BP levels without having any underlying disease. High BP levels in childhood should be regularly reassessed and nonpharmacological or pharmacological interventions should be promptly initiated because high BP levels in childhood may lead to hypertension and related cardiovascular diseases in later life [4] .
Regarding sodium intake modification, there is controversy as to how sodium intake can be decreased in individuals, as well as in populations, and which public health measures should be taken in order to help reduce total sodium daily intake. Therefore, identification of food sources of sodium in modern diets is critical. To date many researchers have focused on the sodium content of poor nutritional quality foods that children consume [5] . Sodium, however, can also be found hidden in 'healthy' foods such as whole wheat bread and processed cereal, foods consumed largely in a Mediterranean-type diet. Although the health benefits of the Mediterranean diet are widely acknowledged, there is still inconsistency regarding the association of adherence to the Mediterranean diet and total sodium intake. In particular, the Mediterranean diet has been described as a diet abundant in plant foods, minimally processed, olive oil as the main fat source, low to moderate dairy and wine intake, low intake of red meat, and sparse sugar intake [6] . Although research has shown that specific foods which characterize the Mediterranean diet have preventive effects on chronic diseases, such as fruits and vegetables, olive oil and nuts and unprocessed cereals [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , little is known on the contribution of these foods to the total sodium intake in the modern diet.
Therefore, in the present work, and under the context of the Greek Childhood Obesity study (GRECO), the daily dietary sodium intake (excluding table salt and salt added during cooking) of 10-12 years old Greek children, was studied, within the context of the Mediterranean diet pattern.
Methods

Participants
The GRECO study was carried out from October to May 2009. The sampling included all regions of the country (i.e. Attica, Sterea Ellada and Evia, Macedonia, Peloponnesus, Epirus, Thessaly, Thrace, Aegean islands, Ionian Islands and Crete). From the aforementioned regions a number of 130 randomly selected public primary schools (through the listings provided by the Ministry of Education) were invited to participate. The number of children to be enrolled in each region was proportional to the total population of the region, based on data provided by the National Statistics Service of Greece. Thus, a total of 5850 schoolchildren (fifth and sixth grade) were invited for potential inclusion. However, the number of schools that agreed to participate in the study was 117 from all over the country and signed parental consent forms were obtained for 4965 of 5850 children (84.9% participation rate) and were finally enrolled in the study. After checking the quality of the data obtained from the enrolled children, the final sample consisted of 4580 children (49% men and 51% women) with a mean age of 10.9 AE 0.75 years, with the 52.0 and 48% coming from large urban (i.e. >1 000 000 pop.) and urban and semi-urban areas (i.e. 10 000 to 1 000 000 pop.), respectively.
Bioethics
The retrieved data were confidential, and the study followed the ethical considerations provided by the World Medical Association (52nd WMA General Assembly, Edinburgh, Scotland, October 2000). The research was approved by the Hellenic Ministry of Education (Department of Primary Education) as the law provides in Greece for any studies conducted in the school environment, during formal school hours, and the Agricultural University of Athens Research Committee. Prior to measurements' initiation an extended letter explaining the aims of the study was sent to the principal of each school and each parent or guardian was provided with a letter explaining the aims of the study and a consent form. Those parents who agreed to participate in the study had to sign the consent form and send it back to the school in order to be collected.
Measurements
The measurements were conducted by investigators and staff of the Unit of Human Nutrition of the Agricultural University of Athens. All investigators followed a series of planning meetings and were trained in survey methods that included practical experience in weighing and measuring techniques. Additionally, before the initiation of the study all investigators followed a 2-week pilot practice period in primary schools that were not included in the final study sample in order to get familiarized with the procedures. All study sites used the same measuring equipment and procedures and in each class the investigators' team consisted of at least two people. All measurements were performed during morning hours.
Dietary and eating behavior assessment
Dietary assessment was based on a validated self-reported, semi-quantitative Food Frequency Questionnaire (FFQ), consisting of 48 food items commonly used in the local Greek cuisine [17] . All participants were asked about their usual frequency of consumption of the food items (average over the past year) with the response categories ranging from never, 1-2 times per month, to everyday. Pictures of standard size of the food portions were used to help participants visualize the regular portion and quantify the portion of the food item they usually consumed. Specifics on the type of food consumed were also asked for (such as whole wheat bread vs. white bread, brown rice vs. white, low-fat dairy products vs. full-fat, sugar-free soft drinks vs. regular, etc.). The assessment of sodium intake through consumption of various food groups was performed using food composition tables of US Department of Agriculture [18] . The evaluation of repeatability of dietary information regarding sodium intake were tested in a sample of 21 girls and 23 boys (aged 10-12 years) from one school unit in Athens, applying the semi-quantitative FFQ two times (within a 30-day interval) in the same children. Results showed very good repeatability between the two measurements (Spearman's rho ¼ 0.82, P < 0.001, % of agreement using Bland-Altman graphical method ¼ 93.2%). Furthermore relative validity of such information was assessed using 3-day recalls which applied 30 days after the FFQ in a second sample of 20 girls and 13 boys (aged 10-12 years) from the same school unit. Very good relative validity was revealed regarding sodium consumption resulting from FFQ and 3-day recalls (Spearman's rho ¼ 0.57, P < 0.001, % of agreement using BlandAltman graphical method ¼ 91.0%).
Assessment of Mediterranean diet pattern
The KIDMED index (Mediterranean Diet Quality Index for children and adolescents) was used to evaluate the degree of adherence to the Mediterranean diet [19] . The index comprises of 16 yes or no questions. Questions denoting a negative connotation with respect to the Mediterranean diet were assigned a value of À1 and those with a positive aspect þ1. The total score ranged from À4 to 12.
Physical activity, anthropometric assessment and blood pressure measurements All participants were asked to complete the Physical Activity Questionnaire for Older Children (PAQ-C) [20] . The instrument is designed for use in older children aged 8-14 years and consists of nine questions structured to discern moderate to vigorous physical activity (MVPA) during the past 7 days. The summary score for the PAQ-C is the average of the sum of the nine questions using a 1-5 scale and it is designed to be used during the school year, rather than summer vacation or holiday periods.
Body weight was recorded to the nearest 100 g with the use of a digital scale (Tanita TBF 300) and with patients standing without shoes in light clothing. Standing height was measured using a portable stadiometer (Leicester height measure) to the nearest 0.1 cm without shoes, with the head positioned according to the Frankfort plane. Body mass index (BMI) was calculated by dividing weight (kg) by standing height squared (m 2 ). Percentage of body fat (%BF) and body fat mass were estimated by the foot to foot impedance method (Tanita TBF 300) with children standing barefoot. Obesity and overweight among children were evaluated using the International Obesity Task Force (IOTF) age and sex-specific BMI cut-off criteria [21] .
Blood pressure was measured using an oscillometric device (UA-787 oscillometric blood pressure monitor, A&D Company), equipped with the right type of cuff for children of this age. During the measurements children were calm, in a sitting position with their back supported, with the right arm resting on a solid supporting surface at heart level, and at least 10 min at rest [22] . Two subsequent measurements were taken with a 5-min interval in order to familiarize children with the procedure and the diastolic and systolic BP values of the second measurements were recorded.
Statistical analysis
Normally distributed continuous variables are presented as mean AE SD, skewed as median (first, third quartiles) and categorical variables as frequencies. The normality of continuous variables was tested graphically according to P-P plots. Comparisons of continuous variables between groups of study were performed using the independent ttest or one-way ANOVA, for the normally distributed variables and the Mann-Whitney U-test or KruskalWallis test, for the skewed. Associations between categorical variables were tested using the Pearson's chisquared test. Repeatability and relative validity of dietary information regarding sodium intake were tested using Spearman's rho and Bland-Altman method. High sodium consumption was considered over 2200 mg/day from food sources alone [23] . According to the KIDMED scoring system [19] , only 4.5% of the children (N ¼ 205) had an optimal score (!8), therefore children with average and high scores were pooled together into one group of 'moderate and high adherers' to the Mediterranean diet, with a KIDMED score higher than the median for this population (i.e. >4). Whereas children with a KIDMED score equal or lower than the median were classified as 'low adherers'. Multiple logistic regression analysis adjusted for age, sex, BMI and physical activity was used to evaluate the association between adherence to the Mediterranean diet on the likelihood of consuming high sodium intake from different food resources (dependent outcome). Results are presented as odds ratios (ORs) and their corresponding 95% confidence intervals (CIs). Hosmer-Lemeshow statistic was used to test the models' goodness of fit. All tested hypotheses were two-sided. Pvalue less than 0.05 was considered as statistically significant. SPSS version 18 software was used for all calculations (SPSS Inc., Chicago, Illinois, USA).
Results
In Table 1 various socio-demographic, anthropometric and lifestyle characteristics of the children are presented, according to their level of sodium intake, other than table salt. Using the recommended cut-offs it was observed that 23% of the total sample had high sodium intake (>2200 mg/day), without taking into account added salt at the table or while cooking. Moreover, boys were more likely to be categorized in high sodium consumption than girls (P < 0.001); 31.6% of children who had high total sodium consumption were overweight or obese; children with high sodium intake were more physically active, but also had better adherence to the Mediterranean diet than participants with low intake. No significant difference was observed as regards the level of sodium intake and age groups, or region of living (urban or rural). Moreover, no association was observed between sodium intake and BP levels, even after adjusting for sex and age of the children. Concerning body fat measurement results, body fat mass was positively correlated with BMI (Pearson's rho ¼ 0.897, P < 0.001), and negatively correlated with sodium intake (Spearman's rho ¼ À0.180, P < 0.001).
Then, increased sodium intake from different food sources was evaluated by the level of adherence to the Mediterranean diet ( Table 2 ). Children that reported moderate and high adherence to the Mediterranean diet (i.e. KIDMED score >4) had higher sodium intake from the majority of the food groups (P < 0.001), by the exception of pizza, hamburgers, souvlaki (a type of meat), saltines (including crisps, crackers, cheese sticks) and cakes (P > 0.05).
Moreover, in Fig. 1 , the major food items that contribute to sodium intake are presented. The greater sources of sodium in children's diet were pizza and white cheese, whereas healthy foods, conferred more in total sodium consumption than junk foods (34 and 27% of total sodium intake, correspondingly). It should be noted that children with moderate and high adherence to the Mediterranean diet (i.e. KIDMED score >4) had higher consumption of a Total dietary sodium consumption was classified to low, moderate and high intake (i.e. <1500, 1500-2200, >2200 mg/day) using European Union recommendations. b P values were derived through one-way ANOVA test for normally distributed variables, Kruskal-Wallis for skewed and Pearson's x 2 for categorical data. M P < 0.05 from post-hoc comparisons between high, moderate vs. low sodium intake, after correcting the P value with the Bonferroni rule.
MM P < 0.01 from post-hoc comparisons between high, moderate vs. low sodium intake, after correcting the P value with the Bonferroni rule. these foods (P values for all <0.05), with the exception of pizza, hamburgers and souvlaki.
In addition, the level of adherence to the Mediterranean diet was associated with sodium intake from various food sources. In particular, unadjusted analyses (Table 3) revealed that 1 unit increase in the KIDMED score was associated with 4-50% (i.e. ORs varied from 1.04 to 1.50, all P values <0.05) increased likelihood of consuming sodium intake above the median value for the majority of foods. These results were confirmed even after adjusting for age, sex, BMI and physical activity. The impact of healthy dietary habits (as assessed through the KIDMED score) on the likelihood of high sodium intake were not significant regarding hamburgers and saltines (P values >0.05). Moreover, 1 unit increase in 'Hidden' sodium food sources in children Magriplis et al. 1073 
% of total sodium intake
Sodium intake from healthy or junk foods as percentage of total consumption other than table salt and salt added during cooking. Table 3 Results from multiple logistic regression analyses that evaluated the association between children's adherence to the Mediterranean diet (using the KIDMED score as independent variable) on likelihood of consuming high sodium (i.e. above the median as the binary dependent outcome) from different food sources (other than table and cooking salt)
Unadjusted
Adjusted for age, sex, physical activity and BMI Sodium higher than the median intake from various foods a (dependent)
OR for 1 unit in KIDMED 95% CI KIDMED score was associated with 10% increase in likelihood of consuming total sodium greater than 1500 mg/day (which is the EU upper level), although this association was not significant when extreme total sodium intake (i.e. >2200 mg/day) was considered as the outcome (P > 0.05). At this point it should be noted that the average level of adherence to the Mediterranean diet was low to moderate in both sexes (Table 1) .
Discussion
The main finding of the present work was that dietary sodium intake, other than table salt and salt added during cooking, is above the current guidelines in 23% of the Greek children. A secondary finding was that this high sodium intake was observed even in children that reported to be closer to the Mediterranean dietary pattern. Nevertheless, it should be underlined that only 4.5% of children had an optimal adherence to the Mediterranean diet (KIDMED score !8). These extremely low levels of adherence imply that the positive association between dietary sodium intake from food sources and the adherence to the Mediterranean diet scheme, basically concerns children with low and moderate adherence to this traditional dietary pattern, although the main contributors of sodium intake were foods which are recommended to be consumed on a daily basis and are placed at the bottom of the pyramid. Finally, another important finding of the GRECO study was the alarming magnitude of childhood obesity in Greece, since the overall prevalence of overweight and obesity exceeded 40% of the population of schoolchildren aged 10-12 years.
In addition, the fact that a further 20.9% of the children had a moderate sodium intake (between 1500 and 2200 mg/day), but only via foods, and without taking into account the salt added at the table and the salt added during cooking, could imply that a significant and alarming proportion of the children consumes sodium above the guidelines, which makes it an important public health issue, in Greece. Sex and physical activity were also associated with high sodium consumption. In particular, boys and physically active children had higher sodium intakes than girls and less physically active children. The key sodium contributors were pizza, white cheese, processed cereals and breads.
Our results are in agreement with results from studies performed in other countries too [24] [25] [26] [27] . In particular, Pavadhgul et al. [26] found that dietary sodium intake among Thai University students was two-fold higher than recommended amounts (>2400 mg) and Fischer et al. [24] found an average sodium intake of 3412 mg in youths aged 9-18 years with the key food contributors being breads, processed meats and pasta dishes. This was further supported by other studies [25, 28] .
It is of great interest that children closer to the Mediterranean diet reported a higher sodium intake, whereas a greater proportion of overweight/obese children reported low sodium intake. This may partly be explained by the possible under-reporting seen of overweight/obese individuals; although the questionnaires repeatability was validated prior to use. It must be noted that moderate and high KIDMED score (>4) was observed in 38.8% of overweight/obese children compared to 61.2% of normal weight children. No differences were observed in the mean physical activity index score between these groups of children (data not shown).
In this work we quantified the association between the level of Mediterranean diet adherence and sodium intake by calculating the OR of exposure, in order to better evaluate the main effect of the dietary habits of the participants on the likelihood of consuming higher quantities of sodium from different foods. A strong association between the level of adherence to Mediterranean diet and sodium intake was observed. This may seem controversial after taking into consideration that adherence to a Mediterranean food pattern has been shown to be associated with substantial reductions in total mortality and cardiovascular disease mortality in adults [7] [8] [9] [10] . In addition, studies have also found an inverse association between hypertension incidence, as well as BP levels in individuals following the Mediterranean diet [11, 12] . Moreover, it has also been observed that a diet high in olive oil and, fruit and vegetable was inversely associated with hypertension [13] and that a dietary pattern rich in fruit, vegetables, and low-fat dairy products and poor in total and saturated fat can be effective in the prevention of hypertension [14, 29] . However, Nú ñ ez-Có rdoba et al. [16] did not find an association between hypertension and adherence to the classical Mediterranean diet.
A possible explanation of the high sodium intake of children with moderate and high Mediterranean diet adherence is the total food intake. Thirty-four percent (34%) of total sodium intake was found to be consumed by those foods known as 'healthy' (i.e. bread, processed cereal and white cheese), compared with 18% that was observed from pizza. These foods which are recommended to be consumed on a daily basis seem to add substantially to the total dietary sodium of an otherwise healthy dietary pattern, due to sodium addition during manufacturing. Processed foods, including breads/ cereals/grains, also contributed heavily to sodium intake in the UK (95%) and the US [25] . It is estimated that approximately 75% of dietary sodium is added during food processing; in addition to taste and palatability, sodium also has functional roles in food manufacturing and preservation, although the amounts used often exceed those required [30] . Due to the high consumption, it may be necessary for manufacturers to reduce sodium use. It has been proposed that the most promising sodium reduction strategy is to adapt the preference of consumers for saltiness by reducing sodium in products in small steps [31] .
Lastly, it must be noted that our results include the overall population and are not confined on high-risk individuals only (i.e. obese children). Studies have found a direct relation between the increase in childhood obesity and the increased prevalence of pediatric hypertension [32] ; also sodium has been associated with an increase in BP, direct cardiovascular damage and obesity [33] . The evaluation of total sodium intake from foods alone (excluding table and cooking salt) in this study showed that both obese and normal weight children have a high dietary sodium intake, raising important public health questions for the children's population. Although, sodium intake was not associated with BP levels, the fact that 23% of the children's population exceeded the current guidelines from food sources alone makes them exposed to higher risk for future development of hypertension. It is also noteworthy that BMI was positively correlated with BP levels, indicating that children of these age groups are susceptible to risk factors that are documented to elevate BP levels [22, 34] . Since the agerelated BP rise in both children and adults is well established [34] , efforts to reduce sodium intake and decrease the very high prevalence of childhood obesity, which were observed in the GRECO study, are warranted in order to delay or prevent hypertension.
Limitations
The limitations of this work are mostly due to its crosssectional nature; although a special effort was given during designing the study, implementing and analyzing the results in order to avoid potential confounding. Overweight and obese children may have under-reported food intake leading to information bias. This was addressed by testing the repeatability of the information regarding sodium intake in a sub-sample of schoolchildren of same age and sex. Additionally, it was mentioned that table salt and salt added while cooking was not evaluated on the effect of dietary sodium intake. This would not have been practical since it is difficult to measure it when using a FFQ. Finally, the use of international instead of local food composition tables (due to the incompleteness) may have over-estimated or under-estimated the sodium intake of some foods studied.
In conclusion, high sodium intake from 'hidden' sources was observed in Greek childhood population, with greater intakes found in children closer to the Mediterranean diet. Thus, the childhood population in Greece should be targeted for a sodium reduction program and not only for the ongoing epidemic of obesity. Moreover, the consumption of a dietary pattern close to the Mediterranean seems not to be a panacea for children's health, since greater adherence was associated with higher sodium intake through 'hidden' sources. The later finding does not moderate the undoubtable health benefits gained from this traditional dietary pattern, but should stress manufacturers to reduce the amount of sodium added during processing of 'healthy' foods. This information gathered is valuable for health planners that are aware of the consequences of high sodium intake. Planning population preventive services is essential. Starting at childhood in order to decrease incidence of health issues linked to excess sodium intake seems to be very important.
